Stroke is the leading cause of neurological disability and the second leading cause of mortality worldwide. 1 In 2001, it was estimated that 5,454,000 fatal cerebrovascular events occurred globally. The burden of disease, represented in years of healthy life lost was also enormous: 45,870,000 disability-adjusted life years were due directly to cerebrovascular disease in 2001. 1 Current projections indicate a 52% increase in cerebrovascular mortality by the year 2020, with over two thirds of cases occurring in the developing world. 2 Patients who survive a stroke or transient ischemic attack (TIA) are especially vulnerable to recurrent cerebrovascular events. The long-term stroke recurrence rate ranges from four to 12% annually, with a particularly heightened risk in the first six months after an event. [3] [4] [5] These secondary events contribute to the burden of illness in patients with cerebrovascular disease, ABSTRACT: Stroke is a leading cause of mortality and long-term disability worldwide. Survivors of a previous stroke or transient ischemic attack are vulnerable to further cerebrovascular events, as well as myocardial infarction, peripheral vascular disease, congestive heart failure and vascular death. Traditional approaches to the secondary prevention of stroke have included aspirin after ischemic stroke, warfarin for stroke associated with cardioembolic sources, and carotid endarterectomy for eligible candidates with significant carotid artery stenosis. In recent years, much evidence has emerged to support a broader array of pharmacotherapies, including newer antiplatelet agents, lipid lowering drugs, and several classes of blood pressure lowering therapies. Also under study are B vitamins for patients with cerebrovascular disease and hyper-homocysteinemia, and oral direct thrombin inhibitors for highrisk patients with atrial fibrillation. We review the literature to determine the clinical significance of these therapies, and provide recommendations regarding their use in the prevention of recurrent stroke.
predispose to a high long-term mortality after stroke, approximately 50-60% at five years. 7 An extensive, burgeoning literature exists on secondary prevention measures for stroke. 8 Traditional and well-validated approaches include aspirin after ischemic stroke or TIA, warfarin for patients with atrial fibrillation or other cardioembolic sources of stroke, and carotid endarterectomy for patients with symptomatic, high-grade carotid artery stenosis. [9] [10] [11] In recent years, a number of additional pharmacological strategies have undergone evaluation, including newer antiplatelet agents, lipid lowering therapies, and blood pressure lowering agents. Also under study include oral direct thrombin inhibitors for high-risk patients with atrial fibrillation and B vitamins for patients with cerebrovascular disease and hyper-h o m o c y s t e i n e m i a . 1 2 We review the evidence pertaining to these approaches and formulate recommendations regarding their use in patients with a history of stroke or TIA.
METHODS
We conducted a systematic search of MEDLINE (years 1990-2003) , the Cochrane Database, American College of Physicians Journal Club, and recent cardiovascular, neurological, and strokerelated symposiums for articles and abstracts on the epidemiology, prevention and treatment of cerebrovascular disease. We obtained further references by contacting experts in the field of stroke prevention, from review of personal files, and by hand-searching bibliographies of retrieved articles. Emphasis was placed on randomized controlled trials and systematic overviews, but observational and basic science studies were also considered.
Because atherosclerosis (the most common disease predisposing to stroke or TIA) is a systemic condition, and because patients with peripheral vascular or coronary artery disease are at greater risk of suffering stroke (as well as other cardiovascular events), we also considered interventions and trial information in these patient populations. Importantly, such literature usually includes stroke as an important outcome.
ANTIPLATELET THERAPY
Aspirin is the most frequently prescribed antiplatelet agent for secondary prevention in patients with a history of ischemic stroke or TIA, as well as for other high-risk vascular patients. 13 Aspirin reduces platelet aggregation by inhibiting the production of thromboxane by the cyclo-oxygenase enzyme present in platelets; thromboxane is a potent mediator of platelet activation. A recently updated systematic overview by the Antithrombotic Trialists' Collaboration found that aspirin in patients with a history of vascular disease reduces the odds of a serious vascular event (stroke, myocardial infarction, or vascular death) by 22% (95% confidence interval [CI] 15 to 29%), and the odds of stroke alone by 30% (95% CI 24% to 35%). 9 Although aspirin is widely recommended as secondary prophylaxis following cerebral infarction, the residual risk of vascular events despite treatment with aspirin remains high: 12.9% of patients allocated to aspirin in the aforementioned overview still suffered a serious vascular event during a mean follow-up of 15 months. 9 The phenomenon of aspirin resistance is well-documented in the cerebrovascular and coronary artery disease literature. [14] [15] [16] Approximately 30-40% of patients with recurrent cerebrovascular events while on aspirin therapy are found to be aspirin-resistant by quantitative tests of platelet aggregation. 15 Therefore, a number of alternative antiplatelet agents with different mechanisms of action have been pursued; the best-studied include dipyridamole (alone or in combination with aspirin) and the thienopyridine derivatives (ticlopidine and clopidogrel). 9 A recent systematic review of 26 randomised controlled trials of dipyridamole for the secondary prevention of stroke studied three antiplatelet strategies: dipyridamole alone versus control (either placebo or another antiplatelet), combination dipyridamole plus aspirin versus aspirin alone, and combination diypridamole plus aspirin versus placebo.
1 7 D i p y r i d a m o l e monotherapy had no clear effect on the risk of vascular death (relative risk [RR] 1.02, 95% CI 0.90-1.17), but did reduce the risk of nonfatal vascular events by 10% (95% CI 2-17%), an e ffect which only became statistically significant after the inclusion of a single large trial comprising 6,602 patients. 18 Dipyridamole plus aspirin versus aspirin alone again showed no clear difference in vascular death, and was associated with a marginal reduction in nonfatal vascular events (RR 0.90, 95% CI 0.80-1.00). Combination dipyridamole and aspirin compared with placebo had a RR of 0.89 for vascular death (95% CI 0.79 to 1.01), and a more robust RR of 0.74 for nonfatal vascular events (95% CI 0.68 to 0.80). The ongoing European/Australian Stroke Prevention in Reversible Ischemia Trial, which is randomizing patients with cerebrovascular disease to one of three regimens (aspirin, combination aspirin/dipyridamole, or dose-adjusted warfarin), should provide further information on the possible benefits of aspirin/dipyridamole over aspirin alone. 19 A second trial, the Prevention Regimen For Effectively Avoiding Second Strokes study, has recently begun enrollment and will compare combination aspirin/dipyridamole with aspirin/clopidogrel for the prevention of recurrent stroke. 20 Hankey et al 21 recently conducted a meta-analysis of trials comparing a thienopyridine (ticlopidine or clopidogrel) with aspirin for the secondary prevention of vascular disease. The thienopyridines exert their antiplatelet effect by blocking the adenosine-diphosphate receptor on the platelet surface, thereby inhibiting adenosine-mediated platelet activation. Overall, there was a modest, but statistically significant reduction in the odds of a serious vascular event in patients treated with a thienopyridine (odds ratio (OR) 0.91, 95% CI: 0.84 to 0.98), corresponding to an absolute benefit of 11 serious vascular events per 1000 patients treated for two years. The odds of stroke were similarly reduced (OR 0.88, 95% CI: 0.79 to 0.98), giving an absolute benefit of seven strokes avoided per 1000 patients treated for two years. The subset of patients with an inclusion history of cerebrovascular disease had a similar reduction in stroke (OR 0.86, 95% CI: 0.75 to 0.97), but gained a larger absolute benefit (due to a higher risk of recurrent stroke): 16 strokes avoided per 1000 patients treated for two years. 21 The same analysis found a decreased risk of gastrointestinal hemorrhage and upper gastrointestinal upset for thienopyridines compared with aspirin, but an increased risk of skin rash and diarrhea. 21 Ticlopidine (but not clopidogrel) was associated with a significant increase in the odds of neutropenia and thrombotic thrombocytopenic purpura. Concerns about myelosuppression have largely led to the abandonment of ticlopidine in clinical THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES p r a c t i c e . 2 2 Another issue with the thienopyridines is their significantly greater expense than aspirin. A recent coste ffectiveness analysis examined the use of clopidogrel for secondary prevention in patients with cerebrovascular disease. 23 The authors calculated a net cost of $74,400 (AUS$; approximately $52,250 USD) to prevent one stroke per year if clopidogrel was administered to all eligible patients with ischemic stroke or TIA instead of aspirin. Cost-benefit analysis for dual therapy with clopidogrel/aspirin for secondary prevention in patients who sustain cerebrovascular events on standard monotherapy has not been published, likely because randomized trials in this area are still ongoing. A w i d e l y available, standardized, and reliable test of platelet resistance to aspirin would likely considerably improve the cost-effectiveness of clopidogrel; however, this hypothesis has not yet been studied in trials of antiplatelet agents for secondary prevention.
ANTICOAGULANT THERAPY
Oral anticoagulants, such as warfarin, have been tested for the prevention of both cardioembolic and noncardioembolic stroke. Patients with atrial fibrillation and previous cerebrovascular events are at considerable risk of recurrent stroke (approximately 12% per year); therapeutic anticoagulation with warfarin reduces this risk by approximately 62%, with an 85% reduction in cardioembolic strokes. 10 Two recently completed systematic reviews, however, found that anticoagulant therapy (of any intensity) was no more effective than antiplatelet therapy in the prevention of stroke (or other serious vascular events) in patients with a history of noncardioembolic (ie, arterial origin) stroke or TIA; not unexpectedly, oral anticoagulants were associated with a higher risk of serious hemorrhagic complications. 24 , 25 The combination of warfarin and aspirin has been studied primarily in patients with coronary artery disease; some evidence of an incremental effect over monotherapy (i.e., warfarin or aspirin alone) has been reported, although it is unclear whether this benefit can be extrapolated to patients with cerebrovascular disease. 26 Despite its proven efficacy for stroke prevention in patients with atrial fibrillation, warfarin continues to be substantially underused in this population. 2 7 For many years, the only alternative to warfarin in atrial fibrillation was antiplatelet therapy with aspirin, which provides only a modest reduction in the risk of cardioembolic events. 28 However, a novel class of anticoagulant drugs, the direct thrombin inhibitors, are currently in development for the prevention and treatment of both arterial and venous thromboembolism; one agent in this class, ximelagatran, appears particularly promising. 29 Its advantages over warfarin include excellent oral bioavailability, rapid onset of action, no requirement for dose adjustment or coagulation monitoring, and no interactions reported to date with other drugs or diet. 29 Recently, the results of a large, open-label phase III noninferiority study of ximelagatran versus warfarin in high-risk patients with atrial fibrillation were presented. 30 Altogether, 3407 patients with atrial fibrillation and additional stroke risk factors (eg, a quarter had previous stroke or TIA, and a third had coronary artery disease), were randomized to treatment with fixed-dose, unmonitored ximelagatran or standard, dose-adjusted warfarin (international normalized ratio (INR) 2.0-3.0). Despite assiduous anticoagulation in the warfarin arm (the mean INR on treatment was 2.5), the ximelagatran group had a significant reduction in the combined endpoint of stroke, major bleeding, and death (relative risk reduction (RRR) 25%, p=0.022). 30 The presentation of another large, double-blind trial of ximelagatran in high-risk patients with atrial fibrillation has recently confirmed the noninferiority of ximelagatran with respect to warfarin in this setting. 31 If these results are validated by other ongoing studies, ximelagatran could prevent thousands of strokes per year in patients with atrial fibrillation who are currently not treated with any anticoagulation.
LIPID LOWERING THERAPY
A number of statin trials, powered primarily to detect differences in coronary events rates in patients with a history of coronary artery disease, have found major reductions in the risk of stroke as well (a secondary outcome in these studies). [32] [33] [34] [35] [36] Several systematic reviews of lipid-lowering therapies have affirmed the following points: 1) the relative reduction in stroke risk is on the order of 25-30%; 2) ischemic stroke is reduced, with little effect on hemorrhagic stroke; and 3) the relative reduction in stroke events is constant irrespective of the baseline risk of stroke.
37- 40 The latter indicates that a greater absolute benefit may accrue from treating patients with a history of stroke or TIA, who have a markedly higher baseline risk of recurrent cerebrovascular events.
The possible mechanisms by which statins reduce the risk of ischemic stroke are multiple. Much attention has been paid to the "pleiotropic" or non-cholesterol related effects of statins on the vasculature and circulating blood elements. 4 1 Human and experimental animal evidence demonstrate that statins stabilize atherosclerotic plaques, reduce vascular inflammation, improve blood flow to ischemic neural tissue, decrease free radical oxidative processes, inhibit platelet activation, and improve the balance between fibrinolysis and thrombosis. 41 Many of these effects are apparent before a reduction in serum lipids takes place.
The recently completed Heart Protection Study (HPS) resolves many of the uncertainties regarding the role of statin therapy and secondary stroke prevention. 42 The HPS randomized 20,536 patients to simvastatin or placebo for a mean duration of five years; inclusion criteria were any of the following: coronary artery disease, cerebrovascular disease, peripheral vascular disease, diabetes, or patients over 65 years with hypertension. There were highly significant reductions in the simvastatin arm in the incidence of major vascular events (absolute risk reduction (ARR) 5.4%, number need to treat (NNT) 19), as well as cerebrovascular endpoints such as stroke, transient ischemic attack and the need for carotid endarterectomy or angioplasty. This benefit was evident in every subgroup tested: patients who had or did not have coronary artery disease; those with cerebrovascular disease, peripheral vascular disease, or diabetes; men or women; those over or under 75 years at entry; and those whose low density lipoprotein (LDL) cholesterol was over or under 2.6 mmol/L. Indeed, treatment benefits were independent of the baseline cholesterol level, indicating that the LDL cholesterol thresholds currently recommended for initiation of
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43, 44 The results of HPS imply that the initiation of statin therapy should be based more on the assessment of a patient's absolute risk of cardiovascular disease, rather than just the baseline LDL cholesterol concentration. The ongoing Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial, which has randomized 4732 patients with cerebrovascular disease to atorvastatin 80 mg/day or placebo, should provide further information on the merits of lipid-lowering for secondary prevention of stroke. 45 A large meta-analysis of various lipid-lowering therapies (including statins, fibrates, niacin, bile acid sequestrants, and diet) found that only statins reduce the risk of stroke, with a risk reduction of 26% (95% CI 14-36%) for secondary prevention. 37 Nonstatin drug therapy (with 32,550 subjects studied, of whom 73% were randomized in trials employing fibrates) was associated with a nonsignificant risk reduction of 7% (RR 0.93; 95% CI 0.79-1.08). Diet was employed as the primary modality in seven trials, involving 1741 participants; there was a trend towards stroke reduction in this subgroup (RR, 0.60; 95% CI 0.32-1.13, p=0.11).
BLOOD PRESSURE REDUCTION THERAPY
Hypertension is estimated to account for about 60% of the population attributable risk for cerebrovascular disease. 4 6 -4 8 H o w e v e r, categorizing patients as "hypertensive" or "normotensive" based on an arbitrary blood pressure threshold may be unhelpful with respect to secondary stroke prevention for several reasons. First, the relationship between blood pressure and stroke is continuous and graded, with no evidence of a lower blood pressure threshold for stroke risk. [49] [50] [51] Second, several controlled trials have demonstrated that blood pressure reduction benefits patients who would not normally be designated as hypertensive. 52, 53 Blood pressure lowering therapy reduces the risk of vascular events across a wide spectrum of initial blood pressures. 54 Furthermore, the choice of agent may be less important than the magnitude of blood pressure lowering achieved. 55 Despite previous concerns that blood pressure lowering might cause harm in patients with cerebrovascular disease, the recently completed Perindopril Protection Against Recurrent Stroke Study (PROGRESS) demonstrates that aggressive blood pressure reduction provides substantial protection against recurrent vascular events in patients with previous stroke or TIA. 53 The PROGRESS trial enrolled 6105 hypertensive and normotensive patients with a history of stroke or TIA, and randomly assigned them to active treatment with the angiotensin converting enzyme (ACE) inhibitor perindopril (with the discretionary addition of the diuretic indapamide), or matching p l a c e b o . 5 3 Overall, perindopril-based therapy reduced the relative risk of stroke by 28% (95% CI 17-38; ARR 4%, NNT 25) , with large reductions in the risk of myocardial infarction (RRR 38%, 95% CI 14-55), congestive heart failure (RRR 26%, 95% CI 5-42), and total major vascular events (ie, vascular death, myocardial infarction, or stroke; RRR 26%, 95% CI 16-34). Analyses of cognitive outcomes indicate that the risk of poststroke dementia was reduced by a third and significant cognitive decline by a half. 56 Of note, significant and similar reductions in stroke (and other vascular events) were apparent for both hypertensive and normotensive participants. 53 Angiotensin receptor blockers have also demonstrated efficacy for the prevention of stroke in both the primary and secondary prevention settings. Three recently completed trials of angiotensin receptor blockers include the Losartan Intervention For Endpoint Reduction Study, the Acute Candesartan Cilexetil Therapy in Stroke Survivors Study (ACCESS), and the Study on Cognition and Prognosis in the Elderly. [57] [58] [59] All three trials demonstrated consistent relative risk reductions for stroke in the range of 24 to 34%, despite the enrolment of different patient populations, the use of varying angiotensin receptor blockers, and differing interventions in the control group (placebo-based or conventional therapy). Of particular interest, the ACCESS study showed that early initiation of candesartan cilexitil in the acute phase of stroke markedly reduced the risk of serious vascular events (both cardiac and cerebral), without compromising patient safety. 59 Intriguingly, no blood pressure differences were noted between the treatment and placebo arms throughout the study, again raising the possibility that neurohumoral inhibition, rather than blood pressure lowering per se, may be responsible for the reduction in vascular risk.
Of the other therapies available to lower blood pressure, thiazide diuretics may also be particularly effective in secondary prevention. The Post-stroke Antihypertensive Treatment Study found that treatment with the diuretic indapamide reduced the risk of stroke by 29% in a group of hypertensive stroke or T I A s u r v i v o r s .
6 0 Blood pressure was reduced by 5/2 mm H g (systolic/diastolic). This is highly consistent with a meta-analysis of blood pressure lowering trials in patients with cerebrovascular disease, which reported a 28% reduction in the risk of recurrent stroke (RR 0.72, 95% CI 0.61 to 0.85). 61 Two recent head-to-head studies of blood pressure lowering therapy found conflicting results for the comparison of thiazide diuretics and ACE inhibitors. 62, 63 In the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Tr i a l (ALLHAT), the diuretic chlorthalidone was significantly more effective than the ACE inhibitor lisinopril in the reduction of stroke, heart failure, angina, and combined cardiovascular disease. Conversely, in the Second Australian National Blood Pressure Study (ANBP-2), an ACE inhibitor was more effective than a diuretic in the prevention of cardiovascular events. The d i fference between the trials' results, while seemingly contradictory, is likely due to the much higher frequency of patients of African origin in the ALLHAT study (40%) compared with the ANBP-2 study (<1%). Low renin hypertension, which is more effectively targeted by diuretic therapy than ACE inhibitor therapy, is significantly more frequent in hypertensive patients of African origin. 64, 65 Therefore in black patients, diuretic therapy is a more logical first choice.
There is less evidence on the role of beta blockers and calcium channel blockers in the secondary prevention of stroke. A small trial of patients with previous TIA or nondisabling ischemic stroke who were randomized to atenolol or placebo reported a nonsignificant reduction in stroke of 18% in the atenolol arm, with a wide confidence interval (RR 0.82; 95% CI 0.57-1.19). 66 Moreover, the primary endpoint -a composite of vascular death, stroke, or myocardial infarction -was not affected by allocation to atenolol (RR 1.0; 95% CI, 0.67-1.33), THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES despite a significant reduction in blood pressure favouring the atenolol arm (5.8/2.9 mm Hg). On the other hand, a metaanalysis of beta blockers and diuretics for the treatment of hypertension in the elderly, a group that is particularly prone to stroke, found reductions in cerebrovascular events with both beta blockers and diuretics, although only the latter reduced the risk of fatal stroke, coronary artery disease, and all-cause mortality. 67 To date, long-term, randomized trials of calcium channel blockers in patients with cerebrovascular disease have not been reported. These agents have shown particular promise in the primary prevention of stroke in patients with hypertension and/or d i a b e t e s . 6 8 , 6 9 Furthermore, dihydropyridine calcium channel blockers appear to reduce the risk of dementia and cognitive decline in older hypertensive patients. 70, 71 Whether calcium channel blockers are effective in the secondary prevention of stroke will have to await the completion of trials enrolling highrisk patients (such as those with cerebrovascular disease); their outcomes are eagerly awaited. 72, 73 However, calcium channel blockers are not currently recommended as monotherapy for patients with vascular disease.
OTHER THERAPIES
Homocysteine is a highly reactive amino acid formed by demethylation of methionine. 7 4 It is more appropriately termed "total homocysteine" (tHcy), as it represents a mixture of several molecular species and compounds. The metabolism of tHcy requires several B vitamins as substrates or cofactors, including folate, cobalamin (vitamin B 1 2 ), and pyridoxine (vitamin B 6 ). There is growing evidence that even mild elevations in plasma tHcy concentration predispose individuals to developing vascular disease, including stroke, carotid stenosis and dementia.
7 5 , 7 6 E x p e r i m e n t a l studies have demonstrated a number of possible mechanisms by which tHcy may induce vascular damage, including the promotion of platelet activation, oxidative stress, endothelial dysfunction, h y p e r c o a g u l a b i l i t y, vascular smooth muscle cell proliferation, and endoplasmic reticulum stress. 7 4 The provision of oral B vitamin therapy to patients with hyper-homocysteinemia can eff e c t i v e l y reduce plasma levels by 25-33%. 7 7 Whether tHcy is truly causative in the pathogenesis of atherosclerosis (and therefore, a potentially treatable risk factor), or is merely a marker of existing vascular disease and tissue damage, will have to await the completion of several large controlled intervention studies on the effects of B vitamin therapy on cardiovascular endpoints. Two such trials in patients with cerebrovascular disease are ongoing: the Vi t a m i n Intervention for Stroke Prevention trial and the Vitamins to Prevent Stroke Study. 78, 79 Completed trials in patients with coronary artery disease have yielded conflicting results.
80-82

DISCUSSION
The nature and epidemiology of cerebrovascular disease renders the scourge of stroke highly amenable to prevention. First, as reviewed here, a variety of strategies have been validated based on sound clinical evidence stretching over thirty years (Table 1) . [83] [84] [85] Second, the burden of illness is substantial: at one year, one third of stroke patients are dead, another third are permanently disabled, and a final third will have made a reasonable recovery. 86 Third, survivors of stroke or TIA are prone to recurrence as well as to disease in other vascular beds (heart, limbs, aorta, and viscera) and therefore represent an identifiable high-risk group for targeted intervention. 6 Fourth, stroke is monumentally costly, not only physically and Absolute risk reductions and numbers needed to treat per year are based on an average annual 7% risk of stroke and the best available data from metaanalyses. 23 Abbreviations: ACE=angiotensin-converting enzyme, ARR=absolute risk reduction, NNT=number needed to treat to prevent one event per year, NS=not significant, RRR=relative risk reduction. *clopidogrel versus aspirin. †in patients with atrial fibrillation. ‡ximelagatran versus warfarin in patients with high-risk atrial fibrillation. §RRR for on-treatment analysis of strokes and systemic emboli.
emotionally to patients and their families, but also financially to society and health care payers; therefore, many eff e c t i v e secondary prevention measures are likely to be cost-saving or cost-effective. 23 Several paradigms are evident from a broad examination of the literature of stroke and vascular disease prevention. First, intensive treatment is more effective in reducing the risk of vascular events than moderate treatment. This is apparent for several stroke prevention strategies. For lipid-lowering therapies, more intensive cholesterol lowering yields greater risk reductions than modest cholesterol lowering: this is both apparent within studies and across studies. 37, [87] [88] [89] [90] The same is true for blood pressure lowering; ample data support the concept that greater degrees of blood pressure reduction yield greater benefits in terms of coronary and stroke prevention. [91] [92] [93] [94] [95] It may also be true for antiplatelet therapy; there is some evidence that dual platelet inhibition has additive effects on reducing vascular events (including stroke), although the case is considerably stronger in the coronary artery disease literature. 17, 96, 97 A number of trials of dual platelet blockade for stroke prevention are ongoing; at this point, because of a relative paucity of data, combination antiplatelet therapy can not be recommended as initial therapy for patients with cerebrovascular disease.
Second, the clinical benefits of therapies reviewed here are not confined strictly to patients with elevated levels of a modifiable vascular risk factor (eg, high blood pressure or serum cholesterol). The reductions in risk in Heart Outcomes Prevention Evaluation study, PROGRESS, and HPS, for instance, were equally large and separately significant in individuals with average or even optimal levels of blood pressure and cholesterol. Such patients would normally not merit treatment under many existing clinical guidelines. 98 Therefore, the concept of a "J curve" for reduction of cholesterol or blood pressure, in which there is a lower limit below which treatment increases event rates, is not supported by these trials. Indeed, blood pressure lowering therapy appears to be safe even in patients with carotid stenosis or occlusion. 99 Third, the benefits of treatment with antiplatelet, lipidlowering, and blood pressure reduction therapies are present across all major patient subgroups: men and women, younger and older patients, those with or without diabetes, and individuals with different types of vascular disease or high-risk conditions. M o r e o v e r, unlike local revascularization procedures, these therapies reduce the risk of atherothrombotic events throughout the vascular tree, not just the cerebral circulation. For these reasons, the decision to implement drug therapy should be based on the absolute risk of vascular disease in a given individual, rather than the level of an individual risk factor, such as systolic blood pressure or LDL cholesterol. Survivors of stroke or T I A represent a particularly high-risk group of patients with vascular disease and, in the absence of contraindications, such patients stand to benefit substantially from preventive therapy with these agents. Since each strategy confers a 25-30% relative reduction in the risk of serious vascular events, the combination of all three strategies has the potential to yield an even greater risk reduction (about 60-70%) than any therapy used alone.
1 0 0 In addition, these therapeutic approaches should be used in combination with lifestyle changes, such as reduction in alcohol intake, smoking cessation, exercise, and dietary modification.
Despite substantial evidence of effectiveness and safety, many of the interventions reviewed here continue to be underused in patients with established cerebrovascular disease. 101 Only about 75% of eligible candidates with ischemic stroke are discharged on an antiplatelet or antithrombotic agent after the index admission. 102 The use of statins in patients with stroke was under a third in several recent cohort studies. 103, 104 Control of hypertension after stroke or TIA is similarly poor. 105 The reasons for undertreatment are multifactorial, and include patient, physician, and system-related factors. 101 Whatever the cause, effective stroke prevention depends on application of available knowledge to high-risk patients, as well as the promotion of patient adherence to these therapies. The provision of these measures to all eligible, high-risk patients would prevent thousands of strokes and other serious vascular events each year.
The field of stroke prevention is a highly active area of research, and much more information is needed on the therapies reviewed herein. Direct thrombin inhibitors, B vitamins, and THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 300 
Anticoagulant Therapy
Warfarin, adjusted to achieve a target INR of 2.5, is preferred for patients with atrial fibrillation or other documented major cardioembolic sources (target INR 3.0 for mechanical heart valves).
Anti-Lipid Therapy Statins
Most patients with ischemic stroke or TIA will benefit from statin therapy. Aggressive reduction of LDL cholesterol is likely to yield greater benefit than more modest reductions. Nonstatin Drug Therapy Some evidence suggests that nonstatin lipid lowering therapy may not be as effective as statins for secondary stroke prevention.
37
Blood Pressure Lowering Therapy
Most patients with stroke or TIAwill benefit from treatment with a blood pressure lowering agent, regardless of the presence or absence of hypertension. For secondary prevention, ACE inhibitors, angiotensin receptor blockers, and thiazide diuretics have all been shown to reduce recurrent stroke and other vascular events. Beta blockers and calcium channel blockers may also be effective. Aggressive treatment of blood pressure is of greater benefit than more modest reductions.
ACE=angiotensin converting enzyme, INR=international normalized ratio, LDL=low density lipoprotein, TIA=transient ischemic attack. dual antiplatelet therapy can not yet be recommended for the secondary prevention of stroke; however, a number of ongoing intervention trials are studying these strategies. At this time, there is sufficient evidence to support several pharmacological strategies for patients with cerebrovascular events (who do not exhibit contraindications): 1) an antiplatelet or antithrombotic agent for patients with ischemic stroke or TIA; 2) a statin, irrespective of the presence or absence of hyperlipidemia or coronary artery disease; and 3) effective blood pressure lowering, possibly even in normotensive stroke survivors (Table  2) . Accordingly, there is little room for therapeutic nihilism, and much reason to be optimistic, for patients who experience a stroke and the physicians who treat them.
